and the Vision In Preschoolers (VIP) Study Group 5 PURPOSE. To evaluate, by receiver operating characteristic (ROC) analysis, the accuracy of three instruments of refractive error in detecting eye conditions among 3-to 5-year-old Head Start preschoolers and to evaluate differences in accuracy between instruments and screeners and by age of the child. METHODS. Children participating in the Vision In Preschoolers (VIP) Study (n ϭ 4040), had screening tests administered by pediatric eye care providers (phase I) or by both nurse and lay screeners (phase II). Noncycloplegic retinoscopy (NCR), the Retinomax Autorefractor (Nikon, Tokyo, Japan), and the Sure-Sight Vision Screener (SureSight, Alpharetta, GA) were used in phase I, and Retinomax and SureSight were used in phase II. Pediatric eye care providers performed a standardized eye examination to identify amblyopia, strabismus, significant refractive error, and reduced visual acuity. The accuracy of the screening tests was summarized by the area under the ROC curve (AUC) and compared between instruments and screeners and by age group. RESULTS. The three screening tests had a high AUC for all categories of screening personnel. The AUC for detecting any VIP-targeted condition was 0.83 for NCR, 0.83 (phase I) to 0.88 (phase II) for Retinomax, and 0.86 (phase I) to 0.87 (phase II) for SureSight. The AUC was 0.93 to 0.95 for detecting group 1 (most severe) conditions and did not differ between instruments or screeners or by age of the child. CONCLUSIONS. NCR, Retinomax, and SureSight had similar and high accuracy in detecting vision disorders in preschoolers across all types of screeners and age of child, consistent with previously reported results at specificity levels of 90% and 94%. (Invest Ophthalmol Vis Sci. 2011;52:9658 -9664) 
T he Vision In Preschoolers (VIP) Study Group completed a two-phase study to evaluate preschool vision-screening tests for the detection of pediatric vision problems, including amblyopia, strabismus, significant refractive error, and reduced visual acuity in the absence of amblyogenic conditions. The multicenter, observational study was supported by the National Eye Institute. Screenings were conducted from 2002 to 2004 in five clinical centers. Phase I of the VIP Study, conducted in two consecutive years, was designed to compare the 11 screening tests administered by trained, certified, licensed eye care professionals (LEPs) in a mobile medical unit (controlled environment across all five clinical centers). Four tests including noncycloplegic retinoscopy (NCR), Retinomax Autorefractor (Nikon, Tokyo, Japan), SureSight Vision Screener (SureSight, Alpharetta, GA), and the Lea symbols VA test had the highest sensitivity for identifying preschool children with VIP-targeted vision conditions when overall specificity was set at either 90% or 94%. 1, 2 Phase II of the VIP Study was designed to compare the performance of the nurse screeners with that of the lay screeners in administering the best-performing preschool vision screening tests identified from phase I. Two screening tests for refraction (Retinomax and SureSight) were administered by trained and certified pediatric nurses and lay people in a Head Start school (typical screening environment). NCR was not included in phase II, because only eye care professionals have the skills and knowledge necessary to administer the test. When specificity was set at 90%, the Retinomax and the SureSight had similar screening performances whether administered by nurses or lay screeners, and performance was similar to the levels achieved when the LEPs screened children using the tests in the mobile medical unit. 3 However, the sensitivity of each screening test was evaluated at only 90% or 94% specificity. Because there is a substantial debate concerning the particular specificity level that should be used in evaluating screening tests 4, 5 and because the best choice for specificity level may vary depending on the screening circumstances, analysis using receiver operating characteristic (ROC) curves is useful for evaluating the performance of screening tests over the full range of specificity levels. 6 The main goal of this study was to comprehensively evaluate the ability of three screening tests of refractive error (NCR, Retinomax, and SureSight) to detect VIP-targeted pediatric vision conditions and to assess whether their performances differ between tests and type of screeners (nurse versus lay) and between younger (3-year-old) and older (4-and 5-year-old) preschoolers.
VIP participants were preschool children enrolled in Head Start in the five VIP clinical centers (Berkeley, California; Boston, MA; Columbus, OH; Philadelphia, PA; and Tahlequah, OK), with informed consent obtained from their parents or legal guardians, according to the Declaration of Helsinki. Head Start is a federal program for preschool children from low-income families. It promotes school readiness by enhancing the social and cognitive development of children through the provision of educational, health, nutritional, social, and other services to enrolled children and families.
Because Head Start admission criteria are defined nationally, screening Head Start children allowed the five VIP clinical centers across the country to test children from populations with similar socioeconomic characteristics. Furthermore, because the Head Start program requires all children to complete a vision screening performed by Head Start personnel or another organization within 45 days of the first day of school, the VIP Study was able to use the results of these initial classroom screenings to select an enriched sample by preferentially recruiting children who had already failed the Head Start local vision screening. All Head Start children who failed their local Head Start screening and a random sample of those who did not fail the local Head Start screening were targeted for informed consent by their parents for enrollment into the VIP Study. The children who completed the process of informed consent subsequently underwent the VIP vision screening tests and a comprehensive eye examination.
All children were 3, 4, or 5 years old when screened. In VIP Study phase I, trained, certified, licensed eye care professionals experienced in working with children tested with NCR, Retinomax, and SureSight in a mobile medical unit (controlled environment across all five clinical centers). In the VIP Study phase II, trained, certified pediatric nurse screeners and lay screeners administered the Retinomax and SureSight on-site at each child's Head Start school (real-world screening environment).
All the screened children had a comprehensive, standardized eye examination incorporating monocular threshold VA testing, cover test-ing, stereopsis, and cycloplegic refraction. Results from the eye examination were used to classify children with respect to the four VIPtargeted conditions: amblyopia, strabismus, significant refractive error, and unexplained reduced visual acuity (Table 1 ). These conditions were categorized into three hierarchical groups according to the severity of the conditions. Group 1 conditions are those that it is important to detect and treat early. Group 2 conditions are important to detect early (but with less urgency than those in group 1). Group 3 conditions are less urgent, but nonetheless are clinically useful to detect. Children with more than one of the targeted conditions were included only in the group that corresponded to their most severe condition.
Statistical Analysis
The testability of each screening test was evaluated by defining "not testable" as no measurements obtainable in one or both eyes on a screening test after three attempts per eye. The proportion of screenings not testable was calculated for each screening test and for each age (3, 4, or 5 years) . The comparisons of testability between screening tests and among age groups were performed using generalized estimating equations to account for the correlations from screening tests performed on the same children.
We assessed the accuracy of each screening test using ROC curve analysis. An ROC curve plots the sensitivity against the false-positive rate (i.e., 1 Ϫ specificity), in which each point reflects values obtained at a different cutoff value from a continuous or ordinal measure. ROC analysis provides several advantages over sensitivity and specificity determination for a single cutoff. (1) Sensitivity and specificity are characteristics of a test at a particular cutoff value, whereas the ROC curve provides an overall picture of the characteristics of the test itself.
(2) The tradeoff between sensitivity and specificity can be visualized on a ROC plot as the cutoff is shifted. (3) Calculating the area under the ROC curve (AUC) provides a summary of discriminative ability for a
TABLE 1. Hierarchy of VIP Targeted Disorders

Group 1: Very Important to Detect and Treat Early
Amblyopia
Presumed unilateral: Ն3 lines' interocular difference, a unilateral amblyogenic factor, and worse eye VA Յ20/64 Suspected Bilateral: a bilateral amblyogenic factor, worse eye VA Ͻ20/50 for 3-year-olds or Ͻ20/40 for 4-and 5-year-olds, contralateral eye VA worse than 20/40 for 3-year-olds or 20/30 for 4-and 5-year-olds Strabismus: constant in primary gaze Refractive error Severe anisometropia (interocular difference Ͼ2 D hyperopia, Ͼ3 D astigmatism, or Ͼ6 D myopia) Hyperopia Ն5.0 D Astigmatism Ն2.5 D Myopia Ն6.0 D
Group 2: Important to Detect Early
Amblyopia Suspected Unilateral: 2-line interocular difference and a unilateral amblyogenic factor Presumed Unilateral: Ն 3 line interocular difference, a unilateral amblyogenic factor, and worse eye VA Ͼ20/64 Strabismus: intermittent in primary gaze Refractive error Anisometropia (interocular difference: Ͼ1 D hyperopia, Ͼ1.5 D astigmatism, or Ͼ3 D myopia) Hyperopia Ͼ3.25 and Ͻ5.0 D and interocular difference (in SE) Ն0.5 D Astigmatism Ͼ1.5 and Ͻ2.5 D Myopia Ն4.0 and Ͻ6.0 D
Group 3: Detection Is Clinically Useful
Unexplained Reduced VA Bilateral: no bilateral amblyogenic factor, worse eye VA Ͻ20/50 for 3-year-olds or Ͻ20/40 for 4-and 5-year olds, contralateral eye VA worse than 20/40 for 3-year-olds or 20/30 for 4-and 5-year-olds Unilateral: no unilateral amblyogenic factor, worse eye VA Ͻ20/50 for 3-year-olds or Ͻ20/40 for 4-and 5-year-olds or Ն2 screening test and allows quick comparison of discriminative ability among different screening tests. The AUC has a value from 0.5 to 1.0, where 1.0 represents perfect ability to discriminate between children without vision disorders and children with vision disorders, and 0.5 represents the discrimination resulting from pure chance. 7 An AUC greater than 0.9 is considered excellent, greater than 0.8 to 0.9 very good, 0.7 to 0.8 good, 0.6 to 0.7 average, and Ͻ0.6 poor. 8 NCR, Retinomax, and SureSight provide measures of refractive error (sphere, cylinder and axis for NCR and Retinomax, sphere and cylinder for SureSight) for each eye. However, our ROC analysis is child specific as in real screening settings-that is, if either eye fails the screening, the child is referred for a comprehensive eye examination. We used multivariate logistic regression techniques to perform the ROC analysis. The independent variables in the multivariate logistic regression model included four child-level values representing the most positive meridian, most negative meridian, cylinder, and difference in spherical equivalent between eyes. The dependent variable in the multivariate logistic regression model was the presence of VIPtargeted vision condition(s) within a child (yes/no). From the multivariate logistic regression model, we first estimated the probability of that a child would have the VIP-targeted vision condition(s), and then all the possible threshold values of the estimated probability were used as the pass/fail criteria for constructing the ROC curve. 9 In the VIP, refractive error measurements could not be obtained in a small percentage of children (Ͻ2%) on a screening test. These were treated as screening failures in our ROC analyses, because the percentage of children with an ocular condition was at least two times higher for untestable children than for those who passed screening. 10 In the VIP Study, the children who had failed the Head Start vision screening were preferentially recruited into the study and therefore were overrepresented. Statistical methods that account for the sampling weights were therefore used to generate accurate estimates of sensitivity and specificity. 11 To take the sampling weights into account in the ROC analysis, we used weighted logistic regression, with the weights calculated as the inverse sampling probability specific to each clinical center. The empirical AUC and its 95% confidence interval (CI) were then calculated using the ROC analysis functions available in commercial software (Procedure Logistic; SAS, ver. 9.2; SAS Institute Inc., Cary, NC). When the AUC was compared between screening tests administered to the same children or between two types of screeners (nurse versus lay) evaluating the same children, the statistical method described by Delong et al. 12 was used to accommodate the correlation between the AUC estimates.
To compare the accuracy of a screening test between age groups, we performed ROC analyses separately for younger (3 years) and older (4 and 5 years) preschoolers and tested the difference in AUC by using the standard z-statistic for comparing two independent samples.
The above ROC analyses were performed for detecting any VIPtargeted condition (i.e., group 1, 2, and 3 conditions combined) and the most severe group 1 conditions only. A two-sided P Ͻ 0.05 was considered to be statistically significant (SAS ver. 9.2; SAS Institute).
RESULTS
The VIP study enrolled 1142 preschoolers in phase 1 year 1, 1446 preschoolers in phase 1 year 2, and 1452 in phase II. In this enriched sample of 4040 Head Start preschoolers, 27% to 32% had any VIP-targeted condition, and 12% to 15% had group 1 VIP-targeted vision conditions. More than half (54%) of preschoolers were 4 years, 22% were 3 years, and 24% were 5 years of age at screening.
Less than 2% of the children were not testable, defined as no measurements obtained in one or both eyes on a screening test after three attempts per eye ( Table 2 ). NCR was administered by pediatric eye care providers in 1142 children; 9 (0.79%) children were not testable. A total of 5476 Retinomax screenings were administered by pediatric eye care providers, nurse screeners, or lay screeners; no results were obtained in 19 (0.35%) tests. The percentage of SureSight screenings without test results (after three attempts allowed per eye) was 1.27%, which was significantly higher than that of Retinomax (P Ͻ 0.0001). When the percentage of screenings not testable on a screening test was analyzed for 3-, 4-and 5-year-olds separately, there was no statistically significant difference among age groups for each screening test. However, the percentage of children not testable was significantly higher with SureSight than with Retinomax in each age group (P Ͻ 0.01).
The ROC curves for detecting any VIP-targeted condition and group 1 conditions were shown in Figures 1 and 2 , respectively. The ROC curves for all three tests were very similar when compared in the same VIP year, indicating their similarity in sensitivity and specificity across all possible cutoffs.
Although their ROC curves crossed each other at some sensitivity/specificity points, the differences between screening tests in sensitivity at the same specificity all seemed small.
All three screening tests of refractive error had very high discriminatory power for detecting any VIP-targeted condition when administered by either licensed eye care professionals, pediatric nurse screeners, or lay screeners ( Table 3 ). The AUC ranged from 0.83 to 0.88 for detecting any VIP-targeted condition and ranged from 0.93 to 0.95 for detecting most severe group 1 conditions. The differences in AUCs between NCR, the Retinomax, and the SureSight were all very small (with differences in AUC Ͻ0.02), particularly when they were administered in the same VIP year by the same type of screeners. None of the differences was statistically significant (all P Ͼ 0.51). The nurse and lay screeners had equal AUCs for detecting VIPtargeted conditions with the Retinomax and the SureSight. Within each age group (3-year-olds vs. 4-and 5-year-olds), similar AUCs were obtained for each screening test for detecting any VIP-targeted condition (Table 4 ) and the group 1 conditions (data not shown). In both younger and older age groups, the differences in AUC between screening tests or between types of screeners were all small (Ͻ 0.08 in AUC), and none of the differences was statistically significant (all P Ͼ 0.06).
When the AUCs from the same screening tests were compared between the younger and older age groups (3-year-olds vs. 4-and 5-year-olds), all differences in AUC were small, were within 0.07 for any VIP-targeted condition (Table 4) , and were within 0.06 for group 1 conditions (data not shown). For detecting any VIP-targeted condition, the differences in AUC for the Retinomax between younger and older preschoolers in VIP phase II were statistically significant for both the nurse screeners (AUC difference ϭ 0.07; 95% CI, 0.01-0.11) and the lay screeners (AUC difference ϭ 0.05; 95% CI, 0.004 -0.10), with 4-and 5-year-olds having higher AUCs than 3-year-olds.
To provide the failure criteria of each screening test, we pooled data from all VIP phases because of the similarity in the ROC across all phases and determined the sensitivities at sev-A B eral specificity levels ranging from 50% to 95%. The sensitivities for detecting any VIP-targeted eye conditions and group 1 conditions and their corresponding failure criteria are provided in Table 5 . The cutoffs for failure criteria differed between screening tests, depending on the type of refractive error. For example, the referral criterion for amount of hyperopia was ϩ2.75 D for the NCR, ϩ1.75 D for the Retinomax, and ϩ3.75 D for the SureSight, to achieve 90% overall specificity in detecting any VIP-targeted vision conditions. There were also differences in failure criteria between screening tests for myopia, astigmatism, and anisometropia.
DISCUSSION
By using ROC analysis of the rich data from the VIP Study, we extended the evaluation of the accuracy of the three bestperforming tests of refractive error (NCR, Retinomax, and SureSight) in detecting VIP-targeted vision conditions among 3to 5-year-old Head Start preschoolers. We found that these tests had very good AUCs (0.83-0.88) for detecting any VIP-targeted condition and excellent AUCs (0.93-0.95) for detecting the most severe group 1 conditions. These three tests of refractive error performed equally well in detecting VIP-targeted vision conditions, extending our report of similarity among the tests when overall specificity was set at 90% and 94%. Nurse screeners and lay screeners performed equally well in administering Retinomax and SureSight. We also found that these tests performed similarly well among younger (3-year-old) and older (4and 5-year-old) preschoolers in most comparisons. We previously reported the failure criteria for the three tests of refractive error at 90% and 94% specificity. [1] [2] [3] These failure criteria were determined by empirically searching for the combinations of four refractive error measures (most positive meridian, most negative meridian, cylinder, and the difference in spherical equivalent between eyes) that maximized the sensitivity at 90% or 94% specificity. We now also provide the failure criteria at specificity levels ranging from 50% to 95%. These failure criteria are the basis for choosing the screening tool and optimal failure criteria to maximize the objective of a particular screening program (e.g., low percentage of referral of normal children or a high rate of detection of children with vision problems). A single, universal set of screening failure criteria does not meet the needs of all screening programs. Screenings conducted by Lions Clubs, pediatricians in their offices, Head Start examiners (serving populations with limited access to the health care system), and school-entrance examiners may best achieve their goals by aiming for different combinations of sensitivity and specificity. Some programs may have the resources to provide treatment for only amblyopia or the most severe vision conditions, whereas others may serve groups with full access to health care and strive also to identify less severe conditions. For example, the Alaska Blind Discovery Project requires very high specificity (few false positives) because transporting a child to a confirmatory examination is very expensive ($1000) for Alaskans who live in remote villages. 4 On the other hand, the Head Start program seeks to identify as many children as possible (i.e., higher sensitivity and lower specificity) while children are enrolled in their program, because Head Start can assist with obtaining the needed diagnosis and treatment. We found that NCR, the Retinomax, and the SureSight performed similarly well in both younger and older preschoolers. These tests require relatively little cooperation from the child. The testability of these three tests was very high (Ͼ98%) and similar in younger and older preschoolers, although the SureSight had a higher percentage of children unable to perform the test than did the Retinomax (1.27% vs. 0.35%). The lower maturity of the 3-year-olds did not appear to have any impact on the accuracy of test results. This finding is consistent with our previous finding that 3-year-old children perform as well as 4-to 5-year-old children on the Lea Symbols or HOTV screening tests of visual acuity. 13 Given the increasingly widespread use of NCR, the Retinomax, and the SureSight in vision screening settings and clinical practice, 14 -16 our results on the similarity of their overall screening accuracy imply that there are no appreciable differences in their suitability for screening, whether used with failure criteria calibrated to 90%, 94% or to any other level of specificity. However, users should use the failure criteria particular to each screening test. Selection of the most appropriate test for a particular screening program can be made on the basis of the cost of the testing and the requirements for the skill and training of the screener. 
